Abstract. The HERMES hydrogen target was operated during 1996 and 1997 in the HERA electron ring at DESY to study the spin structure of the proton by deep inelastic lepton proton scattering. An Atomic Beam Source (ABS) injects an atomic hydrogen beam of high intensity and high proton polarization into a storage cell, made of thin aluminum and coated with Dri lm. A sampling tube attached on the side of the cell forms a sample beam whose polarization is analyzed by means of a Breit-Rabi Polarimeter (BRP). A Target Gas Analyser (TGA) measures its degree of dissociation. During running with the 27:6 GeV positron beam the target ran smoothly at nuclear polarization of the atoms above 0:9 and molecular fraction below 10 %.
INTRODUCTION
The formation of the polarized atomic hydrogen beam by the ABS is based on Stern-Gerlach separation in a system of ve sextupole magnets (Fig. 1) . The electron polarization of the atomic beam after the magnet system is transfered to the protons by means of two adiabatic RF transitions. A weak eld transition (WFT 1{3) after the magnet system provides negative and a strong eld transition (SFT 2{4) positive proton polarization. A beam of high electron polarization is obtained when all the transition units are switched o . A medium eld transition (MFT 1{3/2{3) after the third sextupole can be used to transfer either hyper ne state j 1 i or j 2 i into state j 3 i which is then de ected in the second part of the magnet system. Using in addition the two transition units at the end of the ABS, atomic beams consisting predominantly of one single hyper ne state can be prepared. Seven beams of di erent hyper ne compositions and polarization states can be injected by the ABS (Table 1) . 1) Supported in part by the BMBF, Germany, contract number 057ER12P(2) and 056MU22I (1) . The storage cell is located in a vacuum chamber surrounded by a super conducting magnet which provides a quantization axis for the proton and electron spins. The eld is produced by 4 coils resulting in a non-uniformity of B B = 1:5% along the cell axis at the working point of B = 335 mT 1].
A small fraction of the target gas leaves the cell via an additional sample tube, attached on the side of the cell. A sample beam is formed and directed into TGA and BRP which measure its degree of dissociation and polarization, respectively.
THE TARGET POLARIZATION
The evaluation of the target polarization must consider the polarization of atoms P T atom , the degree of dissociation T , a possible polarization of molecules and various sources of molecules:
where 0 = 1 ? 0 is the fraction of protons entering the cell in molecules.
These protons are unpolarized. The dominant sources of the molecules quantied by 0 are the residual gas pressure inside the target chamber and ballistic ow from undissociated gas in the ABS. These contributions are small and result in a small error on 0 of 0:01, with 0 values ranging from 0:96 to 0:98.
Another fraction of molecules T r = 1 ? T r is formed by recombination inside the cell. These molecules may carry a signi cant proton polarization. This is speci ed by the parameter which is the ratio of the proton polarization in the molecules to the proton polarization of the atoms from which the molecules originated. P T atom is the polarization of the atomic fraction. The degree of dissociation T r and the atomic polarization P T atom of the target as seen by the beam will in general di er from the corresponding quantities TGA r measured by the TGA and P BRP atom measured by the BRP. Two sampling correction factors c and c p relate the measured quantities to the one seen by the beam:
Both sampling corrections are not constant, but depend on the degree of dissociation and polarization, respectively. They can be determined either by means of Monte Carlo simulations or by indirect measurements like Bhabha scattering or a luminosity measurement (see below).
THE TARGET GAS ANALYZER
The TGA consists of a quadrupole mass spectrometer alternately measuring mass 1 and 2. A chopper in front of it allows for the subtraction of background originating from residual gas. 
The calibration constant corrects for the relative sensitivity of the TGA for mass 1 and mass 2. This calibration constant can be measured 2] knowing the total ux injected by the ABS into the cell is constant as represented by
2)
S TGA 2 has to be corrected for the beam count rate caused by 0 to derivate TGA r .
In a graph (Fig. 2) 
Because the recombination is strongly temperature dependent, a variation of can be forced by changing the cell temperature between 35 and 100 K. However, this method requires a temperature correction of the measured beam count rates which introduces additional systematic errors. The data in gure 2 was taken after the beam was dumped accidentally close to the target region. Due to this event the cell surface was modi ed suddenly and TGA reduced to about 0:2. It recovered to its original value of 0:95 within 24 h. During this time all other conditions including the cell temperature remained constant, resulting in a very small systematic error Count rate mass 2 is plotted vs. count rate mass 1 while was varying inside the cell after an accidental beam dump close to the target region. The slope of the line de nes the calibration constant . Its distance to the origin is a measure for the total ux injected by the ABS. Points closer to the vertical axis belong to lower , those closer to the horizontal to higher .
THE BREIT-RABI POLARIMETER
A combination of RF transitions followed by a sextupole system and a beam detection system which is the same as the one used in the TGA allows the polarization of the atoms in the sample beam to be measured (Fig. 1) . Switching on one of the transition units the beam count rate will change, if the two involved hyper ne states are not equally occupied. The measurement of 4 beam signals, i.e. one measurement without any transition and three with three di erent transitions active, provide a system of 4 linear equations for the 4 unknown occupation probabilities for the hyper ne states. The electron and proton polarization can be calculated from the hyper ne occupation knowing the guide eld. Under data taking conditions all four possible transitions are switched providing four di erent evaluations and online quality monitoring of the BRP.
To calibrate the BRP one has to measure 10 transition e ciencies 3 and one ratio of transmission probabilities of the sextupole system. Four transition combinations involving the SFT and MFT being on can be set up in addition to the normal operating modes of the BRP. Altogether 11 di erent BRP states are possible for each ABS state, leading to a restriction not only for the occupation probabilities, but also partially for the transition e ciencies.
The system becomes completely constrained, if the ABS is also switched through its 7 possible states (Table 1 ). In addition to the 11 calibration constants one has 28 occupation numbers, i.e. 39 unknowns. From 11 BRP states for each of the 7 ABS states one gets 77 equations, which is resolvable for the 39 unknowns. The system is not linear and a 2 {minimization procedure is used to solve this equation system leading to a systematic error of 0:01 for the proton polarization in the sample atom beam.
POLARIZATION OF MOLECULES
Information concerning the polarization of molecules can be obtained by performing an asymmetry measurement sensitive to the nucleon polarization at two di erent values for T . The rst measurement of this kind has been made at NIKHEF using electron scattering from tensor polarized deuterons indicating high polarization of molecules 3]. Recently at HERMES some data has been taken at low by raising the cell temperature to 260 K to increase the recombination. The evaluation is in progress and will give the rst experimental information concerning the proton polarization of molecules under HERMES conditions. Further measurements are planned at NIKHEF and IUCF.
SAMPLING CORRECTIONS
Presuming a homogeneous cell surface, the sampling corrections (2) are uniquely de ned and can be determined by a Monte Carlo simulation of molecular ow inside the storage cell. However, information concerning the sampling corrections can also be obtained experimentally.
The conductance of the storage cell depends on the mass of the gas particles leading to a higher target density, if the molecular fraction is increased. As a consequence a luminosity measurement can be regarded as a direct measurement of T as long as one can make a measurement either T = 1 or 0 and normalize to the luminosity at this point. However, the e ect is small and this method works well only for low T . 3) A MFT is operating with two separated resonances to be described by two e ciencies. Additionally it is operated in two di erent modes depending on the setup of the SFT close to it, whose magnetic elds in uence also the elds in the MFT.
The luminosity monitor of the HERMES detector can be used to measure an asymmetry in Bhabha scattering of polarized positrons from polarized target electrons 4]. Reasonable electron polarization of the target with both signs can be achieved by injecting only one hyper ne state with the ABS (Table  1) . The target polarization formula (1) simpli es, because molecules do not carry electron polarization, i.e. e = 0. The measured asymmetry can be related to the electron polarization measured by the BRP and TGA r measured by the TGA. Hence the product of the two sampling corrections c p c can be extracted. The observed c p is related to a relatively low electron polarization. The extrapolation of c p to the high values of the proton polarization is not trivial, but straight forward, because the relaxation of electrons and protons are related to each other only by hyper ne coupling. The technique to separate the two factors, which is required to quote the correct target polarization, is still being developed. The errors on these sampling corrections will probably dominate the systematic error for the target polarization.
CONCLUSION
The target diagnostic system consisting of the TGA and the BRP works very well. The degree of dissociation and the atomic polarization of the sample beam are measured with systematic errors of 0:01, which are better than the design values. Both devices were operating smoothly and reliably throughout the whole running period, showing as well the stable and good performance of the ABS and the target itself 5]. The error contributions from the sampling corrections and the polarization of molecules to the target polarization are constrained by the high polarization and the high degree of dissociation. The techniques for their determination are presently being worked out.
